Scientific Opinion on the report of the FOCUS groundwater working group (FOCUS, 2009): assessment of lower tiers by EFSA Panel on Plant Protection Products and their Residues (PPR)
   EFSA Journal 2013;11(2):3114 
 
Suggested citation: EFSA Panel on Plant Protection Products and their Residues (PPR); Scientific Opinion on the report of 
the FOCUS groundwater working group (FOCUS, 2009): assessment of lower tiers. EFSA Journal 2013;11(2):3114. [29 pp.] 
doi:10.2903/j.efsa.2013.3114. Available online: www.efsa.europa.eu/efsajournal  
 
© European Food Safety Authority, 2013 
SCIENTIFIC OPINION 
Scientific Opinion on the report of the FOCUS groundwater working 
group (FOCUS, 2009): assessment of lower tiers
1 
EFSA Panel on Plant Protection Products and their Residues (PPR)
2, 3 
European Food Safety Authority (EFSA), Parma, Italy 
 
This Scientific Opinion, published on 22 April 2013, replaces the earlier version published on 27 
February 2013
4 
ABSTRACT 
Following a request from the European Commission, the Panel on Plant Protection Products and their Residues 
(PPR)  was  asked  to  deliver  a  scientific  opinion  on  the  report  of  the  FOCUS  groundwater  working  group 
(FOCUS, 2009) with respect to lower tier leaching assessments. The PPR Panel is of the general opinion that the 
FOCUS groundwater working group has successfully harmonised major concepts in the leaching models and 
that, overall, the leaching estimations have improved. Despite several limitations, the PPR Panel considers that 
the revised FOCUS scenarios cover significant arable areas in the EU, including the New Member States, and 
allow for decision making at the EU level. The PPR Panel however has observed that flaws in underlying data 
have become  apparent after finalising the report. Also new approaches on scenario selection have become 
available.  The  PPR  Panel  recommends  that  these  flaws  and  new  approaches  are  taken  into  account  when 
developing revised scenarios. 
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SUMMARY 
Following a request from the European Commission, the Panel on Plant Protection Products and their 
Residues (PPR) was asked to deliver a scientific opinion on the report of the FOCUS groundwater 
working group (FOCUS, 2009) with respect to lower tier leaching assessments.  
The PPR Panel is of the opinion that robust and efficient risk assessment processes are facilitated by 
specific definitions of protection goals. To this end, the PPR Panel recommends that assessment goals 
in respect of leaching of plant protection products are clarified, in particular to confirm that protecting 
the drinking water function of the groundwater should be the specific protection goal.  
The PPR Panel is of the general opinion that the FOCUS groundwater working group has successfully 
harmonised major concepts in the leaching models and that, overall, the leaching estimations have 
improved.  The  PPR  Panel  however  disagrees  with  the  FOCUS  working  group  on  submitting 
calculations with only one model and recommends that decisions continue to be based on more than 
one model. Despite several limitations, the PPR Panel considers that the revised FOCUS scenarios 
cover significant arable areas in the EU, including the New Member States, and allow for decision 
making at the EU level.  
Potatoes are included in all of the nine FOCUS scenarios. As the currently approved leaching models 
are not capable of calculating leaching from ridge/furrow systems correctly, the PPR Panel considers 
the inclusion of potatoes not warranted without accounting for the potential underestimation of the 
leaching. In absence of an appropriate model, applying a safety factor may temporarily solve the 
problem. The PPR Panel recommends reconsidering the leaching assessment for potatoes. 
The PPR Panel is aware that the original intention of the FOCUS WG (FOCUS, 2000), i.e. to cover 
approx. 80 % of the arable area in the EU (at that time the EU-15) with the nine FOCUS scenarios, is 
no longer met for the entire EU-27 (approx. 65 % of the arable area in the EU-27 is considered to be 
covered). Taking into account limitations of the scenarios stated below (e.g. areas with preferential 
flow not accounted for) the actual covered arable area by the FOCUS scenarios is likely to be even 
smaller. Nevertheless, the PPR Panel is of the opinion that the arable area in the EU covered by the 
FOCUS scenarios is still significant.  
The PPR Panel considers the leaching assessment proposed for Tier 1 consistent with the state of the 
art at that time. However, in the meantime new guidance and opinions were published by EFSA in 
respect  to  model  input  parameter  estimation  (e.g.  DegT50,  KOM,  crop  interception)  and  model 
procedures (wash-off from crop surface, etc.). The PPR Panel recommends taking the new EFSA 
guidance into account as soon as is practicable. 
The PPR Panel recognises that the scenario selection procedure is not in line with recommendations 
by EFSA (2012a). This is particularly true for the selection of the scenario location in respect to soil 
vulnerability, which at that time was based on expert judgement only, without spatial analysis of soil 
maps. Also, the FOCUS scenarios neither account for uncertainties in substance properties nor for 
different areal distribution of crops within a scenario, which may have a significant impact on the 
spatial target percentile. In this respect the consistency of the tiered approach in introducing spatial 
soil data at higher tiers as proposed by the FOCUS WG cannot be ensured. 
With  the  exception  of  one  scenario  (Châteaudun),  the  current  FOCUS  groundwater  assessment 
approach does not account for potential preferential flow through the soil. The one scenario for which 
potential preferential flow is calculated is merely there for raising the awareness of risk assessors and 
risk managers to the phenomenon so it can be accounted for in assessments at the national level. There 
is ample evidence that preferential flow may be an important aspect of downward movement through 
the soil. The PPR Panel recommends reconsidering the impact of preferential flow on the groundwater 
leaching  assessment,  taking  into  account  new  knowledge  available  to  account  for  such  processes FOCUS groundwater: Assessment of Lower Tiers  
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based on basic soil properties. However the quality and the accurateness of pan EU soil maps (e.g. soil 
organic matter, pH and texture) have to be considered. 
The PPR Panel recognises the efforts of the FOCUS WG to harmonise the dispersion length, water 
balance and water movement aspects between the models, based on best knowledge available, and 
that  the  various  approaches  used  by  the  models  are  no  longer  a  major  source  of  differences  in 
calculation results. The PPR Panel is of the opinion that further progress can be made once better data 
on irrigation (in particular in Southern Europe) become available. 
Two of the scenarios, Piacenza and Porto, were revised in order to meet the target percentile leaching 
concentration of the respective climatic zone. In principle, the PPR Panel agrees on the procedure 
proposed by the FOCUS WG to change the vulnerability of these two FOCUS scenarios, as it was the 
best  available  option  at  the  time.  However,  methods  have  recently  become  available  that  permit 
development of scenarios with a certain target vulnerability. 
The PPR Panel also noted that additional changes were made to the scenarios which were outside of 
the remit of the FOCUS GW. This is in particular true for the soil pH, which was made available 
within the model shells in order to account for pH depending substance properties. 
The  PPR  Panel  considers  that  the  spatial  analysis  performed  by  the  FOCUS  WG  to  check  the 
suitability of the FOCUS scenarios for the New Member States were state of the art in respect to the 
methodology and data bases available at that time. It may be noted that results of this analysis have to 
be  considered  preliminarily  only,  since  only  topsoil  characteristics  were  taken  into  account. 
Inconsistencies with the maps used (e.g. the OCTOP map) are known. In the meantime better tools 
have become available now. The PPR Panel is of the opinion that the current set of FOCUS leaching 
scenarios  is  also  applicable  to  New  Member  States  at  least  for  the  purpose  of  Tier  1  screening 
simulations. 
The PPR Panel considers the version control procedure for FOCUS tools adequate in principle. The 
PPR Panel recommends that thorough evaluation and testing of new versions of models, databases 
and user interfaces before release is continued. However, the voluntary basis on which the testing of 
models  is  based  makes  the  procedure  vulnerable.  It  is  recommended  to  institute  more  binding 
provisions for these activities to minimise risks arising from poor version control and to ensure the 
availability of robust and trustworthy scenarios and software tools also in the future. 
 
The  PPR  Panel  has  observed  that  problems  in  the  underlying  soil  data  have  become  clear  after 
finalising the report. Also new approaches on scenario selection have become available. The PPR 
Panel recommends that these flaws and new approaches are taken into account when developing 
revised  scenarios.  This  implies  consideration  of  uncertainties  in  substance  properties  and 
implementation of crop extrapolation factors as well. It is also recommended to reconsider soil pH to 
allow adequate leaching assessments for compounds showing pH-dependent properties.  
An  in-depth  review  of  irrigation  efficiencies  and  practices,  in  particular  in  Southern  Europe,  is 
recommended as currently 100 % efficiency is assumed.  
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION (DG SANCO) 
The FOCUS Steering Committee, established under DG SANCO of the Commission, identified the 
need  to  update  guidance  on  leaching  of  pesticides.  A  working  group  was  established  to  review 
potential  approaches  for  calculating  leaching  concentrations  for  EU-dossiers  for  plant  protection 
products. As for other FOCUS groups it was formed by members coming from the MS regulatory 
authorities, academia and the industry. 
The remit of this group covered the following four areas:  
a)  Develop a sequence of tiers to assess the risk for leaching to ground water in the EU, considering 
results from different study types (including recommendations for national approaches). 
b) Provide a revised set of scenarios and leaching models. This task included the re-evaluation of the 
Porto and Piacenza scenarios, and harmonisation of the dispersion length and water balance among 
the models. 
c)  Develop guidance on the principles for higher tier leaching modelling approaches considering GIS 
based  approaches,  the  combination  of  modelling  approaches  with  experimental  studies,  and 
inclusion of relevant processes that have been ignored so far. 
d) Provide a preliminary assessment of possibilities for scenarios for new member states. 
In June 2009, the FOCUS groundwater work group, hereafter referred to as “FOCUS WG”, presented 
the final document (SANCO /13144/2010 version 1), hereafter referred to as the “Report”, containing 
its main conclusions and proposals. 
The intention of the Commission and Member States is that the exposure assessments as outlined in 
the Report should be the guidance that is used to address the data requirements 7.2.2 (annex II) and 9.3 
(annex III) of Directive 91/414/EEC as laid out in Directive 95/36/EC (the current data requirements).
5 
Although the guidance document has been adopted for use in the current procedure of risk assessment 
of pesticide active substances, an independent Opinion of the PPR Panel is considered necessary. 
TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION (DG SANCO) 
EFSA, and in particular its Scientific Panel on Plant Protection Product and their Residues (PPR 
Panel), is asked by the Commission (DG SANCO) for two separate opinions on the final report of the 
FOCUS Groundwater working group “Assessing potential for movement of  active substances and 
their metabolites to groundwater in the EU” (FOCUS 2009). 
For this Opinion EFSA is requested to evaluate whether: 
  The recommendations are consistent with the state of the art of science in this field for the 
elementary (tier 1) assessment. 
  The proposed procedures for elementary assessments are scientifically robust enough for the 
intended use. 
  The proposed changes in elementary assessment scenarios and model parameterisations for 
elementary assessment are adequate. 
  The shells and tools that have been released via the agreed version control procedure deliver 
the intended elementary assessment. 
                                                       
5  Data requirement in the new Regulation 1107/2009, as reported in Regulation 544/2011  FOCUS groundwater: Assessment of Lower Tiers  
 
EFSA Journal 2013;11(2):3114  6 
ASSESSMENT 
1.  Introduction to the evaluation of the Report 
1.1.  Objectives 
In  combination  with  the  leaching  models  MACRO,  PEARL,  PELMO  and  PRZM,  the  FOCUS 
groundwater scenarios are used to evaluate leaching to groundwater of plant protection products at the 
pan European scale and sometimes also at the national level. The scenarios were developed in 2000 
(FOCUS, 2000) and used since then. Based on a number of shortcomings, several scenarios were 
revised and also calculation procedures for the different recommended models were changed. This 
Opinion evaluates whether these changes are acceptable and in line with the state of the art of risk 
assessment.  
The Report introduces a tiered assessment approach. This Opinion addresses only aspects that are 
related to the elementary (Tier 1) assessments. Higher tiers will be addressed in a separate Opinion 
(EFSA, 2013 in prep). 
1.2.  Protection goal  
The foundation of a robust and efficient environmental risk assessment procedure is a clear specific 
protection goal. Risk assessors need to know what risk managers want to protect, where to protect it 
and over what time period (EFSA, 2010a). However, in European legislation protection goals are often 
given in more general and abstract terms. The Appendix gives relevant clauses in European legislation 
with respect to plant protection products and groundwater. Indeed abstract wording and general terms 
are used to describe protection goals. Based on the reference to the Drinking Water Directive
6 and the 
stated maximum allowable concentration in groundwater
7, the protection goal  could be to safeguard 
the groundwater as a source for the production of drinking water. However, this cannot be regarded as 
the specific protection goal, since there is no precise definition of  the spatial (“where”) and temporal 
(“over what time period”) aspects of the goal. 
Given the absence of a clearly defined specific protection goal in EU legislation, one would expect 
such a definition in the Report of the FOCUS WG. However, the Report is similarly clear on the 
specific protection goal. Based on the wording in the Report (i.e. a copy of the wording of Council 
Directive 97/57/EC
8 which is also copied into Regulation 546/2011
9) the protection goal might again 
be assumed to be „safeguarding the drinking water function‟. A more specific protection goal is given 
in Appendix 12 of the Report, that discusses combinations of spatial and temporal percentiles to be 
used when deriving appropriate scenarios; the Appendix states that a combination of a 90
th spatial 
percentile  with  a  50
th  temporal  percentile  would  be  preferable  over  the  80
th/80
th  combination. 
However, this approach was not taken in the main body of the Report. 
According to the Report, the aim of the leaching assessment at the EU-level is to identify a safe use 
“on a representative crop in a significant area of Europe”. A safe use is specified as a use that complies 
with the maximum allowable concentration of 0.1 µg/l, i.e. the target concentration at the leaching 
depth of 1 m should not exceed this value. The extent of a “significant area” is not further specified in 
the Report. If this safe use is demonstrated, further assessment on the leaching is performed at the 
national level. The assessment on the national level is not to demonstrate a safe use, but to evaluate 
whether  the  (national)  protection  goal  is  met.  Such  a  procedure  needs  different  approaches  and 
assumptions. 
                                                       
6  Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption 
7  For most substances (with only a few exceptions at the moment),  the maximum allowable concentration is equal to 0.1 
µg/l. For the exceptions lower allowable concentrations are defined. 
8  Council Directive 97/57/EC of 22 September 1997 establishing Annex VI to Directive 91/414/EEC concerning the placing 
of plant protection products on the market 
9  Commission Regulation (EU) No 546/2011 of 10 June 2011 implementing Regulation (EC) No 1107/2009 of the European 
Parliament and of the Council as regards uniform principles for evaluation and authorisation of plant protection products FOCUS groundwater: Assessment of Lower Tiers  
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The Report also includes some further minor inconsistencies: 
  In the glossary and section 3.1.2, the protection goal is set equal to the criterion for favourable 
decision. “The proposal of FOCUS is that a national protection goal upper limit should be 0.1 
μg/L”  
  On page 57 the Report states “protection goals”, suggesting that there are more than one. 
  Section  8.2.3  states  “the  operational  definition  of  the  protection  goal”  to  be  a  maximum 
allowable level as stated in Council Directive 97/57/EC. 
1.3.  Reading guidance and limitations 
For this Opinion, the PPR Panel assumes that the specific protection goal indeed is safeguarding the 
drinking water function of the groundwater.  
The Report includes a review of existing national approaches for leaching assessments based on a 
questionnaire among Member States. The PPR Panel considered this part of the Report outside the 
remit for this Opinion, i.e. the remit of this opinion was evaluating the guidance for elementary (tier 1) 
assessment at the EU level. For that reason, the PPR Panel has not carried out an extensive literature 
review for the applicability of the FOCUS report at national level.  
Member states need to be aware that the FOCUS scenarios are limited to demonstrating safe use in a 
significant  area  in  the  EU;  the  FOCUS  scenarios  therefore  may  not  address  all  the  needs  of 
groundwater  assessments  at  the  national  level.  For  national  assessments,  all  crops  and  the  entire 
potential use area must be considered. The use of FOCUS scenarios for national registration purposes 
would require a thorough investigation of specific parameters (e.g., preferential flow, uncertainty in 
compound properties, soil pH, etc.) in order to assess whether the protection goals are met. 
The approval of pesticides in EU concerning degradation and leaching in soils is based, inter alia, on 
standardised batch measurements, e.g. sorption-desorption and degradation. Parameters derived from 
these measurements are normally used as input parameters in simulation models for a more holistic 
approach of degradation and transport under field conditions. However, batch experiments do not 
always give valid estimates of degradation, since the experimental design only includes diffusion of 
the pesticide in the soil matrix (Shaw et al. 2002; Singh et al. 2002; Beulke et al. 2000; Guo and 
Wagenet 1999; Fermanich et al. 1991). The PPR Panel will comment on this issue further when 
discussing the higher tier approaches (EFSA, 2013 in prep).   FOCUS groundwater: Assessment of Lower Tiers  
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2.  Consistency with state of the art 
2.1.  Review of existing guidance on EU and national level 
The Report comprises a Review of existing guidances at EU and national level available at that time. 
Reference  is  given  to  the  guidance  document  on  how  to  assess  the  relevance  of  metabolites  in 
groundwater (Sanco/221/200-rev. 10). With respect to guidance on the selection of pesticide input 
parameters  the  FOCUS  WG  refers  to  FOCUS  (2000,  2002  and  2006).  The  FOCUS  WG  did  not 
develop new guidance on the selection of pesticide input parameters with respect to the elementary 
Tier 1 assessment. 
In  the  meantime  a  guidance  (EFSA,  2010b)  and  an  opinion  (EFSA,  2012a)  on  the  selection  of 
pesticide input parameters for modelling at the EU level have been adopted by the PPR Panel. These 
documents are in particular addressing: 
  The evaluation of lab and field studies to obtain most appropriate DegT50 values for leaching 
assessments (EFSA, 2010b) 
  The use of the bias-corrected geometric mean (CG) for estimating the median DegT50 of small 
sample sets (EFSA, 2010b) 
  The use of the geometric mean KOM instead of the arithmetic mean KOM for all sample sizes  
(EFSA, 2012a) 
 
The PPR Panel also noted that more reliable crop interception values for winter cereals have been 
published by EFSA (2012a) and that additional work is on-going for other crops. The PPR Panel 
recommends using the revised measures for crop interception. 
FOCUS (2000) recommended ignoring wash-off from plant surfaces which led to the procedure that 
the application rate is corrected for the crop interception. The amount of plant protection product 
intercepted by the crop is considered not to reach the soil surface (no wash-off). This procedure has 
become common practice in the EU risk assessment procedures since then. The Report reviewed the 
crop interception routines and concluded that changes were not needed. However, in line with EFSA 
(2012a) the Panel maintains that wash-off of plant protection products from plant surfaces cannot be 
ignored and that interception should not be considered as a mere sink, particularly in the groundwater 
exposure assessment. Therefore, the PPR Panel recommends a model where the compound is applied 
directly onto the crop canopy taking into account appropriate interception factors (user specified as 
stated above); the PPR Panel further recommends allowing the model to calculate wash-off from the 
plant  surface.  Moreover,  concerning  scenario  parameterisation,  EFSA  (2012a)  proposes  a  default 
value of 10 days for DT50 on the plant surface and a default wash-off factor (w) of 0.1 mm
-1, both 
values to be changed only on experimental evidence. 
2.2.  Observed gaps  
The organic carbon or organic matter content of soils has a major impact on the estimated leaching. 
The FOCUS WG used the OCTOP map (Jones et al. 2004, Jones et al., 2005) to revise the Piacenza 
and Porto scenario and to check the applicability of the FOCUS scenarios to new Member States. 
Based on an examination of the procedure for establishing the OCTOP map, EFSA (2012a) came to 
the conclusion that in soils grown to annual (arable) crops, organic matter is likely to be overestimated 
in Northern Europe and underestimated in Southern Europe. Based on this, it is likely that the organic 
matter percentages of the FOCUS scenarios do not represent the target values that would have been 
obtained when using maps specific to annual crops. Conversely, maps on organic carbon in soil grown 
to perennial crops may be underestimations for Northern Europe and overestimations for Southern 
Europe,  with  leaching  potentially  overestimated  and  underestimated  in  the  North  and  the  South, 
respectively.    Correct  maps  are  not  yet  available  and  therefore  it  is  recommended  that  the 
representativeness of the scenarios is re-evaluated once specific maps are available. FOCUS groundwater: Assessment of Lower Tiers  
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Based on the procedure used to derive pan European maps on soil properties, it is also unlikely that 
maps of soil pH are fully representative of annual and perennial crops respectively. The PPR Panel 
recommends using a conservative approach, rather than the given pH of the scenarios. Using correct 
pH  maps  in  case  of  pH  dependent  substance  properties  is  more  important  in  assessments  at  the 
national level. 
Soil tillage is not accounted for in the current leaching scenarios (EFSA 2012a, FOCUS 2009). Yearly 
soil tillage, which is still common practice in major arable areas of Europe, may affect leaching, 
dependent on substance properties. There may be some underestimation of the leaching for substances 
having  intermediate  sorption  values  and  intermediate  to  high  half-lives.  However,  some  test 
calculations  at  the  leaching  level  of  approximately  0.1  µg/L  revealed  that  there  was  hardly  any 
influence of tillage. This presumably is due to the calculation procedure in which a warm-up period of 
6  years  is  included  and  the  80
th  percentile  annual  average  leaching  concentration  is  taken  as  the 
endpoint. 
EFSA (2012a) gives a scheme which indicates cropping systems and application techniques for which 
the  Opinion  is  relevant.  The  Report  does  not  indicate  which  cropping  systems  and  application 
techniques are covered. Figure 1 gives a scheme which was drawn by the PPR Panel based on the 
Report. It has been observed earlier (EFSA, 2012b) that drip irrigation systems in open field crops and 
in covered crops, including applications of the plant protection substances with drip irrigation, are not 
covered in the current risk assessment on leaching. Risk assessment methodology for such systems is 
lacking. The PPR Panel reiterates the recommendation (EFSA 2012b) that such methodology should 
become available for this significant irrigation system.  
The scheme also highlights that crops grown on ridges are not included. Leistra and Boesten (2010a,b) 
argued that leaching might be underestimated for such systems, when it is assumed that the surface is 
level. Transport of both water and substance(s) from ridges to furrows, with corresponding higher 
infiltration rates in the furrows, and the thinner active soil layer below the furrow may cause higher 
leaching compared with level surfaces. Nevertheless, potatoes can be chosen as the crop in all FOCUS 
scenarios; among crops included in the FOCUS scenarios, potatoes is the only one grown on ridges. 
As appropriate calculation procedures for such growing systems are not readily available, it seems 
advisable to introduce an assessment factor to account for the potential higher leaching. Leistra and 
Boesten (2010a) calculated a 6-fold higher leaching concentration for carbofuran in a ridge-furrow 
system compared to a level system. From their literature review, however, it is clear that only few data 
were available from which to derive an assessment factor. 
 
Figure 1: Crops, growing systems and applications for which the FOCUS groundwater scenarios are 
intended. The coverage is indicated by the red arrows. FOCUS groundwater: Assessment of Lower Tiers  
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3.  Robust procedures 
The PPR Panel is aware that the procedure for scenario selection of the FOCUS WG (FOCUS, 2000) 
is not in line with recommendations by EFSA (2012a). This is particularly true for the selection of the 
scenario location with respect to soil vulnerability, which in FOCUS (2000) was based on expert 
judgement only, without spatial analysis of soil maps. The PPR Panel recognises that these data were 
not available at that time at EU level. In the meantime spatially distributed data on soil properties have 
been made available. In the APECOP project (Vanclooster, 2003) it could be demonstrated that the 
80
th percentile leaching concentrations of the FOCUS scenarios were reasonably well in line with the 
80
th  percentile  leaching  concentrations  of  the  respective  climatic  zone  in  the  former  EU-15,  as 
calculated with the spatial model EuroPEARL, at least for winter cereals and maize. The FOCUS 
scenarios Piacenza and Porto, which did not pass this check, were revised afterwards as described in 
the Report. 
It  may  also  be  noted,  that  the  FOCUS  groundwater  scenarios  do  not  account  for  different  areal 
distribution  of  crops  within  a  scenario.  This  may  have  a  significant  impact  on  the  spatial  80
th 
percentile  concentration,  as  demonstrated  by  EFSA  (2012a),  and  may  require  a  so-called  crop 
interpolation factor for each crop and scenario. 
For the reasons stated above the consistency of the tiered approach introducing spatial soil data at 
higher tiers as proposed by the FOCUS WG cannot be ensured; it cannot be guaranteed that lower tiers 
are always more conservative than higher tiers. The PPR Panel will comment on this further when 
discussing the higher tier approaches (EFSA, 2013 in prep). 
In the FOCUS groundwater report (FOCUS, 2000), the intended overall scenario vulnerability (i.e. the 
90
th percentile) was equally distributed between soil and climate properties (each representing the 80
th 
percentile)  without  taking  into  account  uncertainties  in  substance  properties.  Therefore, 
average/median properties were proposed to be used for modelling, This implies that areas, where 
more  unfavourable  substance  properties  are  present,  may  not  be  covered.  This  issue  was  also 
recognised  by  EFSA  (2012a),  which  claimed  that  when  considering  PECsoil,the  spatial  percentile 
necessary to ensure an overall vulnerability percentile (e.g. the 90
th percentile) shifts to higher values 
if uncertainties in substance properties are taken into account.  There are indications that the effect of 
substance parameter uncertainty on the spatial concentration distribution is small when compared with 
the uncertainty of local concentration predictions and with the scenario uncertainty (Vanderborght et 
al.,  2010).  Nevertheless,  the  PPR  Panel  recommends  reconsidering  uncertainties  in  substance 
properties  for  scenario  selection  as  proposed  by  EFSA  (2012a)  in  case  of  a  reassessment  of  the 
groundwater scenarios. 
The current FOCUS groundwater assessment approach does not account for potential preferential flow 
through the soil in all but one scenario. The one scenario for which potential preferential flow is 
calculated (Châteaudun) is presented merely for making risk assessors and risk managers aware of this 
aspect, presenting a possibility to account for it in assessments at the national level. There is ample 
evidence that preferential flow may be an important aspect of downward movement through the soil. 
Since the publication of the Report, new knowledge and tools have been described in international 
peer-reviewed  literature  that  make  it  possible  to  improve  the  vulnerability  mapping  and  leaching 
models to account for preferential flow and transport of pesticides and their degradation products at 
the pan European scale. Macropore flow is predictable to a sufficient degree from easily available soil 
properties and site factors (Jarvis et al., 2009). The simple classification tree developed in that study 
could  be  used  to  support  hydropedological  approaches;  in  their  turn  such  approaches  can  allow 
quantifying the spatial distribution of contaminant leaching at the landscape scale. This will provide 
the basis for class pedotransfer functions to estimate model parameters related to macropore flow. 
Such an approach has been implemented in the European project FOOTPRINT and maps are available 
for use in the whole EU. FOCUS groundwater: Assessment of Lower Tiers  
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4.  Proposed changes in scenarios and model parameterisations 
4.1.  Harmonisation of the models 
The remit of the FOCUS WG especially mentioned the need to address issues that were assumed or 
found to cause differences in calculated leaching of the models PRZM, PELMO and PEARL, i.e. the 
dispersion length and differences in the water balance. The proposed corrections by the FOCUS WG 
to harmonise the models are discussed below. 
4.1.1.  Dispersion length 
The  FOCUS  WG  provided  a  thorough  up-to-date  overview  of  literature  values  on  the  dispersion 
length. Several approaches to derive the best value have been applied and discussed, but finally no 
consensus  on  the  best  approach  could  be  reached.  The  FOCUS  WG  decided  to  harmonise  the 
dispersion  length  at  the  value  of  5  cm  and  there  was  consensus  that  this  value  is  sufficiently 
conservative  when  evaluating  leaching  at  the  depth  of  1  m  below  soil  surface.  The  PPR  Panel 
considers this harmonisation a major step forwards and recommends accepting the consensus value of 
5 cm for the dispersion length and to use this value in scenario calculations.  
4.1.2.  Water balance 
FOCUS (2000) used reference evapotranspiration calculated from the MARS data base. The FOCUS 
WG examined whether FAO or MARS reference evapotranspiration was most appropriate and came 
to the conclusion to use the FAO reference evapotranspiration (Penman-Monteith FAO 56 method in 
Allen  et  al.,  1998)  for  Porto,  Piacenza,  Châteaudun,  Thiva,  and  Sevilla  scenario  for  consistency 
between the crop coefficients and reference evapotranspiration values. The MARS approach (Penman 
method) to calculating reference evapotranspiration was retained for the Okehampton, Kremsmünster, 
Hamburg and Jokioinen scenarios. The retention of the MARS method was due to the difficulty of 
applying  the  Penman-Monteith  FAO  56  method  to  Northern  Europe  weather  data,  where  it  may 
produce negative values for the evapotranspiration. 
A comparison of the actual evapotranspiration showed that the different procedures within the models 
for implementing crop kc factors contributed significantly to differences in the overall water balance. 
In order to promote harmonisation, the FOCUS WG implemented a common procedure for all crops in 
which the year was divided into four periods (harvest to emergence, emergence to maturity, maturity 
to senescence and senescence to harvest), and a constant kc factor was assumed for each period. The 
general procedure proposed by the FOCUS WG is agreed on by the PPR Panel. The PPR Panel notes 
that the FOCUS scenarios do not reflect kc values of different hybrids (e.g. grain vs. silage maize) or 
different kc values due to changes in management practices in the last years.  The impact of such 
factors on the overall water balance is considered to be low only when changes in kc values are only 
minor. The PPR Panel recommends reconsidering most appropriate kc values in case of a revision of 
the FOCUS scenarios. 
A review of the amounts of actual evapotranspiration from bare soil by the FOCUS WG indicated that 
the  amount  predicted  by  PEARL  was  systematically  lower  than  those  predicted  by  PELMO  and 
PRZM at three locations (Piacenza, Sevilla, and Thiva). Based on available literature the FOCUS WG 
decided to use the routines in PEARL as the standard for estimating evaporation from bare soil and to 
adjust PELMO and PRZM (via the ANETD factor) to give approximately the same amount of soil 
evaporation in the period when the crop is not present. 
Because transpiration in PEARL is reduced when a substantial fraction of the roots are located below 
the water table, the maximum rooting depths were set at 1 m for all crop/location combinations where 
this occurred in FOCUS (2000) or was likely to occur. 
The amount of runoff predicted is one major difference in the water balance between the PEARL and 
the  PELMO  and  PRZM  models  in  the  original  scenarios  (FOCUS,  2000).  Runoff  predicted  by 
PELMO and PRZM was considerably higher than in PEARL. The FOCUS WG explored available FOCUS groundwater: Assessment of Lower Tiers  
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databases on runoff but was ultimately unable to obtain a pan European data set to use as a reference 
for setting runoff amounts that would correspond to an agreed upon percentile for all soils in each 
FOCUS  climate  zone.  A  map  of  runoff  estimates  for  Europe  was  under  development  in  the  EU 
FOOTPRINT project, but this information was not available at that time. Therefore, the FOCUS WG 
decided to make the conservative assumption of no runoff in PELMO and PRZM and to use the 24 
hour storm duration for PEARL in the Tier 1 simulations, thus reducing predicted runoff in PEARL to 
almost zero. The PPR Panel agrees on this conservative assumption in the Tier 1 simulations. 
A review of the irrigation schedules for the FOCUS (2000) scenarios showed that the irrigation, which 
was considered to be the same in all three FOCUS models, and the cropping periods did not always 
match. Also in some cases the amounts appeared to be higher than actually applied, based on local 
information. The FOCUS WG also noted that water stress occurred in some crops in the FOCUS Porto 
scenario, which does not assume irrigation, whereas irrigation is usually applied. In general, the PPR 
Panel endorses the FOCUS WG efforts to develop new irrigation schedules and to bring the pattern 
and amounts of irrigation more in line with common irrigation practices. However, it should also be 
noted that the FOCUS WG assumes an irrigation efficiency of 100 %, since in the models water is 
added  to  bring  the  root  zone  up  to  field  capacity.  As  this  is  not  necessarily  the  case  in  practice 
(Brouwer  et  al.,  1989,  Table  1),  percolation  of  water  during  the  irrigation  period  is  likely  to  be 
underestimated by the FOCUS approach (Brouwer et al., 1989, Table 1). 
Table 1: Indicative values of the irrigation efficiency (Brouwer et al. 1989). 
Irrigation method  Irrigation efficiency 
Surface irrigation (border, furrow, basin)  60 % 
Sprinkler irrigation  75 % 
Drip irrigation
#  90 % 
# This type of irrigation is becoming more important in open field as well as covered crops, especially when 
water availability is limited. 
In addition, there is evidence that farmers use irrigation schedules, that are not necessarily based on 
crop water requirements but on water availability, with applied amounts typically higher than crop 
water requirements (e.g. in Northern Italy for maize: Fumagalli et al., 2011, Perego et  al., 2012, 
Fumagalli et al., 2012). An in-depth review of irrigation efficiencies and practices, in particular in 
Southern Europe, is recommended in case of a revision of the FOCUS scenarios. 
The PPR Panel concludes that the FOCUS WG produced a valuable effort to harmonise the water 
balances and water movement aspects between the models, based on best knowledge available, such 
that  the  various  approaches  used  by  the  models  are  no  longer  a  major  source  of  differences  in 
calculation results. The PPR Panel is of the opinion that further progress can be made once better data 
on irrigation (in particular in Southern Europe) become available. 
4.1.3.  Minor changes made to the finally released model versions 
The PPR Panel has noted that minor changes were made to the final release candidates of the models 
(i.e. FOCUS PEARL 4.4.4, FOCUS PELMO 4.4.3. and PRZM 3.5.2). For instance, the handling of 
Freundlich adsorption at low substance concentration in PELMO and PRZM was harmonised with 
PEARL (Jones et al., 2011). The PPR Panel agrees on this harmonisation, which is assumed to make 
results more consistent, especially at low leaching levels.  
4.2.  Revision of the FOCUS scenarios  
The  remit  of  the  FOCUS  WG  included  a  review  of  the  vulnerability  of  the  Piacenza  and  Porto 
scenarios taking into account the outcome of the APECOP project (Vanclooster et al. 2003). In the 
APECOP project it was demonstrated that the Piacenza and Porto scenarios are not in line with the 
80
th spatial percentile leaching concentration of the respective climatic zone in the former EU-15 (as 
calculated with the spatial leaching model EuroPEARL). A spatial analysis conducted by the FOCUS FOCUS groundwater: Assessment of Lower Tiers  
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WG based on OCTOP data revealed that the topsoil organic carbon content in the existing FOCUS 
scenarios Piacenza and Porto (organic carbon content 1.00 % and 3.80 %, respectively) are not in line 
with the 20
th percentile organic carbon content in the Piacenza and Porto climatic zones (organic 
carbon content 1.26 % and 1.42 %, respectively). Based on these findings, the FOCUS WG decided to 
modify the topsoil organic carbon contents in the existing FOCUS scenarios in line with the spatial 
20
th  percentile  values.  The  subsoil  organic  carbon  contents  were  changed  accordingly.  Since  the 
changes in soil organic matter were relatively minor in the Piacenza scenario, other soil properties 
were not changed. The change in organic carbon content in the Porto scenario was more pronounced. 
Therefore, the soil bulk density was increased to reflect the decrease in organic carbon content, with 
other soil properties unaffected. The new soil hydraulic properties were estimated using HYPRES with 
the same procedures used in FOCUS (2000). 
In principle, the PPR Panel agrees on the procedure proposed by the FOCUS WG to change the 
overall vulnerability of these two FOCUS scenarios to be more in line with the overall spatial 80
th 
percentile of the respective climatic zone, as this was the best available option at that time. However, 
the PPR Panel also notes that the FOCUS WG did not check whether the proposed changes in the two 
scenarios were sufficient to meet the target vulnerability  as was calculated  with EuroPEARL. As 
stated earlier, the PPR Panel also notes that recently methods have become available to derive better  
scenarios  meeting  a  certain  target  vulnerability  (see  EFSA  2012a).  The  PPR  Panel  therefore 
recommends that the vulnerability of the scenarios is re-checked according to current knowledge once 
a new version of the OCTOP map has become available, taking into account the agricultural use of the 
soils. Problems with the current OCTOP map are discussed in more detail in EFSA (2012a). 
The PPR Panel observed that seven out of nine scenarios were not changed based on results from the 
APECOP  project.  However,  the  other  Southern  FOCUS  scenarios,  Sevilla  and  Thiva,  may  be 
considered  for  revision  as  well.  In  the  meantime,  the  Northern  FOCUS  scenarios  are  considered 
sufficiently consistent with the overall vulnerability concept, at least for crops used in the review, i.e. 
winter cereals and maize. The PPR Panel also notes that the Northern FOCUS scenarios reviewed in 
the APECOP project did not include Jokioinen. 
4.3.  Additional changes made to the models  
4.3.1.  Soil pH 
The FOCUS WG decided to make soil pH values electronically available in the software packages (as 
pH(H2O)), which was not the case in the model version of FOCUS (2000). Furthermore the FOCUS 
WG suggests that the models can now be used to describe the sorption of substances showing for 
example  pH-dependent  sorption,  when  certain  criteria  are  fulfilled.  With  respect  to  the  scenario 
vulnerability, the Report states the following reservation: “However, as stated in Section 11.1, this 
does not imply that these scenarios can necessarily be considered to possess the FOCUS-defined 
vulnerability regarding pH effects.” In principle, the PPR Panel has no objection to making the soil pH 
electronically available. However, calculations with the given soil pH values should not be used to 
demonstrate safe use of the PPP in a scenario. Soil pH was not accounted for in the scenario selection 
procedure and therefore no conclusion on the representativeness of the given scenario pH for the soils 
of the scenario can be drawn. The PPR Panel considers the reservation of the FOCUS WG, as stated 
above, insufficient as it may be easily overlooked in daily risk assessment practice 
As stated earlier, the PPR Panel considers the generic guidance (Anonymous, 2012) not to be in line 
with  the  followed  general  approach  of  scenario  selection.  However,  as  the  purpose  of  leaching 
calculations at the EU-level is to demonstrate a safe use in a large agricultural area, it is recommended 
to perform calculations for two contrasting pH values, e.g. pH 5.0 and 7.5, and to evaluate whether at 
least one gives results below the threshold level; results from both runs should be reported. Further, 
refined assessment of the leaching then has to be done at the national level.  FOCUS groundwater: Assessment of Lower Tiers  
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For several scenarios the original soil pH values were not reported as pH(H2O), so the FOCUS WG 
had to convert the values. The conversion formulas were obtained from an on-going project and differ 
slightly from the final versions as given in Boesten et al. (2012). The PPR Panel recommends re-
calculating the pH values for the scenarios using the finally derived formulas (Boesten et al., 2012) 
and changing the shells accordingly, in due time. 
In  future,  pH  dependency  (e.g.  adsorption  of  weak  acids)  should  be  reconsidered  when  deriving 
scenarios according to the principles as described in EFSA (2012a). It is recommended however that 
the quality and the accurateness of the soil pH map are checked. 
4.3.2.  Determining the 80
th percentile weather concentration 
After  reviewing  several  statistical  approaches,  the  FOCUS  WG  decided  that  the  80
th  temporal 
percentile  is  best  represented  by  the  average  of  the  16
th  and  17
th  ranked  annual  values  from  the 
simulation period of 20 years. In the previous simulations, the 17
th ranked value was used. The PPR 
Panel agrees with the consideration that the impact on the model output would be rather small. 
4.3.3.  New Q10-value 
The  PPR  Panel  recognizes  that  the  FOCUS  WG  did  not  account  for  the  new  Q10  value  of  2.58 
recommended by EFSA (2007). However, the new Q10 value was adequately implemented in the new 
release versions of the FOCUS model shells (i.e. FOCUS PEARL 4.4.4, PELMO 4.4.3 and PRZM 
3.5.2), at least for parent substances. The PPR Panel observed that the new Q10 value was still not 
implemented in PRZM for metabolites and recommends that this  should be dealt with as soon as 
possible. 
4.3.4.  Minor change made to the finally released model versions 
The PPR Panel has noted that the release version 3.2.30 of the SWAP module was implemented in 
FOCUS PEARL 4.4.4. According to the procedures followed for version control, the consequences 
were checked and considered acceptable. The PPR Panel agrees with the FOCUS WG conclusion. 
4.4.  Comparison of current and revised scenarios  
A model output comparison was performed in the Report by conducting simulations with pesticide D 
(as defined by FOCUS, 2000) for all 125 location/crop combinations. As stated above, the FOCUS 
WG (and the model version used for this comparison) did not account for the new Q10 value of 2.58 
(EFSA, 2007). Therefore, the modeling exercise was redone by Jones et al. (2011) using the finally 
released model versions FOCUS PEARL 4.4.4, PELMO 4.4.3 and PRZM 3.5.2, with the default value 
of 2.58 for the Q10 value. Table 2 and Table 3 give the annual averages of percolation past 1 m and the 
predicted 80th percentile concentration for pesticide D at 1 m for two selected crops, i.e. winter cereals 
(not irrigated) and sugar beet (partly irrigated in Southern scenarios), according to FOCUS 2000 and 
FOCUS 2010 (Jones et al., 2011), respectively. Data on other crops can also be found in Jones et al. 
(2011). 
Table 2: Annual averages of percolation (mm) past 1 m predicted by FOCUS 2000 and FOCUS 2010 
for winter cereals and sugar beets (Jones et al., 2011). 
Crop  Scenario 
----------------- FOCUS 2000 ----------------  ----------------- FOCUS 2010 ---------------- 
PEARL  PELMO  PRZM  Irrigated  PEARL  PELMO  PRZM  Irrigated 
Winter 
cereals 
Châteaudun  194  177  179  No  150  140  142  No 
Hamburg  362  289  295  No  271  265  267  No 
Jokioinen  256  204  200  No  210  217  214  No 
Kremsmünster  419  272  282  No  298  296  297  No 
Okehampton  510  417  422  No  409  430  433  No FOCUS groundwater: Assessment of Lower Tiers  
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Crop  Scenario 
----------------- FOCUS 2000 ----------------  ----------------- FOCUS 2010 ---------------- 
PEARL  PELMO  PRZM  Irrigated  PEARL  PELMO  PRZM  Irrigated 
Piacenza  410  325  331  No  212  301  319  No 
Porto  624  500  504  No  513  540  548  No 
Sevilla  58  81  85  No  -19
#  119  121  No 
Thiva  115  117  116  No  52  97  98  No 
Sugar 
beets 
Châteaudun  382  273  281  Yes  331  240  242  Yes 
Hamburg  309  260  256  No  245  286  282  No 
Jokioinen  256  188  176  No  231  250  244  No 
Kremsmünster  378  230  228  No  313  311  306  No 
Okehampton  489  350  346  No  454  451  446  No 
Piacenza  610  478  484  Yes  392  389  401  Yes 
Porto  547  338  340  No  508  604  610  Yes 
Sevilla  277  75  102  Yes  69  137  141  Yes 
Thiva  451  115  134  Yes  78  107  109  Yes 
# The negative value is the result of upward water movement, as simulated by the PEARL model. 
 
 
Table 3: Predicted 80
th percentile concentration for pesticide D at 1 m (µg/L) predicted by FOCUS 
2000 and FOCUS 2010 for winter cereals and sugar beets (Jones et al., 2011). 
Crop  Scenario 
----------------- FOCUS 2000 ----------------  ----------------- FOCUS 2010 ---------------- 
PEARL  PELMO  PRZM  PEARL  PELMO  PRZM 
Winter 
cereals 
Châteaudun  0.162  0.013  0.016  0.152  0.068  0.064 
Hamburg  1.297  1.060  1.226  2.414  2.909  3.362 
Jokioinen  0.209  0.076  0.005  0.544  0.816  1.133 
Kremsmünster  0.548  0.147  0.066  0.808  0.906  0.858 
Okehampton  1.973  1.090  1.707  2.709  2.843  3.718 
Piacenza  1.693  2.080  1.432  0.935  1.212  1.023 
Porto  0.009  0.001  0.001  1.864  3.189  3.061 
Sevilla  0.111  0.000  0.000  0.000  0.011  0.039 
Thiva  0.159  0.017  0.004  0.050  0.046  0.019 
Sugar 
beets 
Châteaudun  0.339  0.039  0.013  0.635  0.163  0.100 
Hamburg  0.241  0.063  0.064  0.354  0.182  0.180 
Jokioinen  0.034  0.002  0.000  0.117  0.104  0.148 
Kremsmünster  0.174  0.028  0.006  0.211  0.173  0.088 
Okehampton  0.267  0.050  0.061  0.400  0.446  0.551 
Piacenza  1.065  0.344  0.086  0.266  0.261  0.112 
Porto  0.000  0.000  0.000  0.133  0.402  0.189 
Sevilla  0.305  0.001  0.001  0.124  0.080  0.126 
Thiva  0.125  0.000  0.000  0.020  0.005  0.001 
 
The changes made in the scenarios in order to harmonise the water balance (including crop kc factor, 
runoff, irrigation, etc.) led to a decrease in the amount of leachate predicted with PEARL, that was 
more or less pronounced  depending on the scenario. Changes regarding the water balance  had a 
smaller effect on the amounts of leachate predicted by PELMO and PRZM which, in contrast to 
PEARL, have increased in  many cases after switching of run-off in the new model versions. Apart FOCUS groundwater: Assessment of Lower Tiers  
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from the revised FOCUS scenarios Piacenza and Porto, the overall changes in the final PECgw values 
(following harmonising of the water balance, dispersion length, new Q10 value, etc.) are rather small in 
case of PEARL, but quite substantial for PELMO and PRZM (See Table 2 and Table 3). In many 
situations  the  PECgw  for  PELMO  and  PRZM  has  increased  by  a  factor  of  10  or  even  higher, 
predominately caused by the effective dispersion length set to 5 cm instead of 2.5 cm. In this sense 
PELMO and PRZM leaching models became much more conservative after revision, whereas PEARL 
did not change that much. 
Whereas the effort made by the FOCUS WG to harmonise the overall water balance  between the 
models  is  generally  acknowledged  by  the  PPR  Panel,  the  harmonisation  of  the  water  balance  is 
considered less effective in the case of the Sevilla scenario (See Table 2). In the revised model version 
the amount of leachate calculated with PEARL is distinctly lower in comparison to PELMO or PRZM, 
presumably  caused  by  the  differences  in  the  water  flow  concepts,  i.e.  Richard‟s  equation  versus 
tipping bucket. In case of winter cereals (which are not irrigated), PEARL calculates negative annual 
averages  of  percolation  past  1  m  in  a  number  of  years,  which  would  result  in  a  80
th  percentile 
concentration  of  zero  in  almost  all  cases.  The  PPR  Panel  recommends  reconsidering  the  Sevilla 
scenario for further harmonisation of the water balance. 
 
The FOCUS WG states that PECgw calculation may now be based on one model only instead of two 
as previously requested by EFSA (2004). The PPR Panel does not support this statement. See for 
example Table 3 where in approximately 10% of the cases a different decision on approval would be 
reached.  Also, PEARL and PELMO may provide very different results in case of non-irrigated crops 
in the FOCUS scenario Sevilla. 
In general, the PPR Panel considers the overall harmonisation of the FOCUS models a major step 
forward  and  recommends  accepting  the  proposed  changes  and  revisions.  Further  revision  is 
recommended for the Sevilla scenario. 
4.5.  Applicability of FOCUS groundwater scenarios to the new Member States  
The FOCUS WG did a spatial analysis based on soil and weather data to check to which extent the 
nine FOCUS leaching scenarios also cover the New Member States of the EU-27. The spatial analysis 
was based on MARS data (50 x 50 km grid) used to derive long term temperatures and rainfall data for 
the entire EU-27. Soil texture was derived from the EU soil map (SGDBE, 1998), soil organic carbon 
data were provided by a raster map in 1 x 1 km resolution (OCTOP, Jones et al. 2004, 2005) and 
CORINE Land Cover (250 x 250 m) data were used to characterise land use (only arable land as a 
whole was accounted for). 
In  contrast  to  FOCUS  2000,  when  climatic  areas  of  the  scenarios  were  simply  defined  by 
minimum/maximum  values  for  the  long  term  average  temperature  in  combination  with 
minimum/maximum values for the annual rainfall, the FOCUS WG redefined the climatic properties 
of  each  individual  scenario  based  on  the  annual  average  temperature  in  combination  with  the 
autumn/winter rain fall (from October to March) of the best case and of the worst case year of the 20-
year-period defined for each scenario (without warming-up period). The PPR Panel agrees that the 
autumn/winter rainfall is more representative for the amount of leachate than the annual rainfall. As a 
consequence the climatic area covered by each scenario in the new spatial analysis is now different, as 
well as more accurate and conservative. In addition, climatic areas of the scenarios are overlapping 
now, which was not the case with the FOCUS (2000) definition. 
Consequently, a given area is considered to be covered by a FOCUS scenario if 
  the long term average temperature and the long term winter rainfall are within the annual average 
temperature and autumn/winter rainfall of the best/worst case year of the scenario, 
  the soil is less coarse (has a finer texture) than the soil defined in the scenario, FOCUS groundwater: Assessment of Lower Tiers  
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  and the topsoil organic carbon content is higher than defined in the scenario. 
Table 4 summarises the climatic areas and arable areas considered to be covered by each of the nine 
FOCUS scenarios. These data are not part of the Report but were provided by the FOCUS WG on 
request by the PPR Panel. 
Table 4: Climatic area, total arable area and arable area considered to be covered by each of the nine 
FOCUS  scenarios  (note:  climatic  and  arable  areas  of  the  nine  FOCUS  scenarios  are  partly 
overlapping). 
Scenario 
 
----- Climatic area -----  -- Total arable area --  ------------- Arable area covered -------------- 
by FOCUS scenario 
1000 
km
2 
% of total 
area 
(EU-27) 
1000 
km
2 
% of total 
arable area 
(EU-27) 
1000 
km
2 
% of total 
arable area 
(EU-27) 
% of scenario 
arable area 
Châteaudun  1186  27.6  574  36.0  183  11.5  31.8 
Hamburg  1319  30.7  541  34.0  357  22.4  66.0 
Jokioinen  627  14.6  91  5.7  48  3.0  53.2 
Kremsmünster  1130  26.3  480  30.1  168  10.5  34.9 
Okehampton  549  12.8  188  11.8  58  3.7  31.2 
Piacenza
#  621  14.5  299  18.8  129  8.1  43.0 
Porto
#  139  3.2  51  3.2  0.2  0.01  0.4 
Sevilla  344  8.0  147  9.2  20  1.3  13.9 
Thiva  399  9.3  167  10.5  44  2.7  26.0 
All scenarios  3767  87.6  1488  93.4  1029  64.6  - 
Not covered  534  12.4  106  6.6  565  35.4  - 
Total (EU-27)  4301  100.0  1594  100.0  1594  100.0  - 
#Non-revised 
The PPR Panel considers the spatial analysis performed by the FOCUS groundwater WG as state-of-
the-art in respect to the methodology and data bases available at that time. The PPR Panel further 
notes  that  results  of  this  analysis  have  to  be  considered  as  preliminary,  since  only  topsoil 
characteristics were taken into account. In addition, problems with the OCTOP map were mentioned 
previously. Nevertheless, the PPR Panel is of the opinion that the current set of FOCUS leaching 
scenarios  is  also  applicable  to  New  Member  States  at  least  for  the  purpose  of  Tier  1  screening 
simulations. As mentioned in the Report and demonstrated in Table 4, some arable areas are not 
covered by current scenario properties and may need further analysis (e.g. if the organic matter content 
is lower in comparison to the FOCUS scenario). The PPR Panel recommends that this issue is taken 
into consideration in further assessments at the national level. Currently, an approximate assessment 
tool, based on MetaPEARL (Tiktak et al., 2006), is available to assess the leaching vulnerabilities. 
This tool can be used for a preliminary assessment in a procedure as proposed by EFSA (2012a). 
The PPR Panel notes that the FOCUS scenarios Piacenza and Porto non-revised scenarios were used 
for the spatial analyses. The area covered by these two scenarios is considered to be significantly 
different after revision, owing to significant changes in the topsoil organic carbon content in both 
scenarios. For that reason, the PPR Panel recommends to redo the spatial analysis for the revised 
version of these two scenarios. 
The PPR Panel is aware that the original intention of the FOCUS WG (FOCUS, 2000), i.e. to cover 
approx. 80 % of the arable area in the EU (at that time the EU-15) with the nine FOCUS scenarios, is 
not met anymore for the entire EU-27 (approx. 65 % of the arable area in the EU-27 is considered to 
be covered; Table 4). Taking into account limitations of the scenarios discussed earlier (e.g. areas with 
preferential flow not accounted for) the actually arable area covered by the FOCUS scenarios is likely 
to be even smaller. Nevertheless, the PPR Panel is of the opinion that each FOCUS scenarios is still 
capable to covering a significant arable area in the EU and, in this respect, they are still useful for 
decision making at the EU level.  FOCUS groundwater: Assessment of Lower Tiers  
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4.6.  Minor issues 
  The weather data in the Kremsmünster scenario comprises two consecutive years with rather 
low annual precipitation of only 312 and 315 mm. Consequently, the annual percolation past 
1 m is negative in these two years. Based on data from the Kremsmünster climate station 
(Austria),  the  minimum  annual  precipitation  from  1990  –  2010  was  766  mm  (long  term 
average  1032  mm).  The  PPR  Panel  is  aware  that  the  original  climate  data  for  the 
Kremsmünster  scenario  were  derived  from  the  München-West  climate  station  (FOCUS, 
2000).    Nevertheless,  the  Panel  recommends  reconsidering  the  precipitation  data  for  this 
scenario. This may affect the calculated endpoints depending upon the actual values. 
  The PPR Panel notes that the arable area considered to be covered by the FOCUS scenario 
Porto (before revision) covers a small fraction (204 km
2, 0.01 %) of the arable area in the EU-
27 (Table 4). In this respect it is questionable whether the Porto scenario may be considered to 
cover a significant arable area in the EU. However, the area covered by the revised Porto 
scenario may be larger owing to the significantly reduced organic matter content. Thus, the 
impact of Porto scenario on the overall assessment should be reconsidered. 
  The definition of the reference evapotranspiration in the glossary of the Report is wrong as it 
includes bare soil. 
   FOCUS groundwater: Assessment of Lower Tiers  
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5.  Shells and tools 
It was not in the remit of the PPR Panel to compare the performance of the models. 
At the time the Report was published the versions of the ground water models that were available 
were: 
  FOCUS_PEARL 3.3.3 (package available 22/05/2006) 
  FOCUS_PELMO 3.3.2 (package available 25/07/2002) 
  FOCUS_MACRO 4.4.2 (package available 11/06/2003) 
  FOCUS_PRZM 2.4.1  (package available 22/04/2002) 
Since then new versions of the four FOCUS GW models have become available: 
  FOCUS_PEARL 4.4.4 (package available 11/04/2011) 
  FOCUS_PELMO 4.4.3 (package available 11/04/2011) 
  FOCUS_MACRO 5.5.3 (package available 04/06/2012) 
  FOCUS_PRZM 3.5.2  (package available 11/04/2011) 
All models are freely available for downloading from FOCUS website (http://viso.ei.jrc.it/focus/gw) 
hosted  by  the  European  Commissions  Joint  Research  Centre  (JRC)  at  Ispra,  Italy.  JRC  has  also 
contributed  to  the  development  of  the  FOCUS  scenarios  by  providing  long-term  weather  data, 
compiled as part of the Monitoring Agriculture by Remote Sensing (MARS) project. 
The scenarios defined in the download packages and shells of the last versions of the models generate 
tier 1 outputs that are in accordance with the Report and the “Generic Guidance for Tier 1 FOCUS 
Ground Water Assessments” (Anonymous, 2012).  
The download packages of the models contain all the information necessary to install and run the 
models,  including  a  user‟s  manual.  The  new  versions  are  compatible  with  Windows  Vista  and 
Windows 7 while the old versions had problems (except for FOCUS PEARL 3.3.3) running on these 
operating systems. 
Although the input and output shells of the four FOCUS GW models differ significantly among them, 
the model users (at least the more experienced ones) are familiar with each model shell and there is no 
need to harmonise the model shells of all four GW models. Generally, the shell program of the latest 
versions  of  the  FOCUS  GW  models  is  mostly  unchanged  in  the  way  scenarios  are  defined  and 
simulations run. 
The existence of the FOCUS version control ensures that a release of new versions of the models is 
only possible after the performance of the new version is checked and compared with the existing 
version.  Differences  between  the  versions  should  be  explained  and  in  line  with  the  implemented 
changes. New releases are checked by several expert model users. The PPR Panel, however, observes 
that the structure of the version control is vulnerable as it is based on voluntary contributions from 
these expert users. 
   FOCUS groundwater: Assessment of Lower Tiers  
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6.  Risk mitigation 
A working definition for risk mitigation with regards to the protection of ground water is: measures 
taken to adjust or restrict the use of a pesticide to obtain a favourable risk assessment. These steps can 
be based either on knowledge of the behaviour of the specific active substance, and/or on knowledge 
of the variability in the environment, and/or differentiation in the use of application methods. 
Mentioned risk mitigation options are: 
  Dose related aspects 
  Applying  mixtures,  with  lower  dose  of  individual  substances  having  a  leaching 
concern. 
  Reducing the number of applications (while maintaining the individual dose rates at 
the same level). 
  Widening the crop rotation. 
  Using more effective application methods. 
  Restrictions 
  Applications only at later growth stages (more interception). 
  Widening the crop rotation. 
  Area restrictions based on soil properties or hydrological conditions. 
  Restrictions with respect to the time of season. 
The FOCUS WG states that risk mitigation options will most often be considered at the national level. 
The PPR Panel is of the opinion that all mitigation options, except the restriction of applying at later 
growth  stages,  indeed  may  result  in  lower  leaching  to  groundwater  and/or  lower  averaged 
concentrations. As stated also elsewhere, intercepted amounts may be washed-off from the leaves and 
reach the soil surface some time after application; however, the recommended approach in the Report 
almost  turns  interception  into  a  sink,  i.e.  intercepted  amounts  hardly  contribute  to  the  leaching 
processes under most practical circumstances. The PPR Panel considers treating interception as a sink 
un-acceptable (see also chapter 2.1 and EFSA, 2012a) and recommends to change the relevant default 
parameters to appropriate values.  
   FOCUS groundwater: Assessment of Lower Tiers  
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CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
The PPR Panel is of the general opinion that the FOCUS WG has successfully harmonised major 
concepts and process implementation in the leaching models and that, overall, the leaching estimations 
have improved. Despite several limitations the PPR Panel considers the revised FOCUS scenarios 
capable to cover a significant arable area in the EU, including the New Member State, and to support 
decision making at the EU level. The PPR Panel has, however, observed that flaws in underlying data 
have become clear after finalising the packages and that new approaches on scenario selection have 
become available.  
The PPR Panel considers the leaching assessment proposed for Tier 1 consistent with the state of the 
art at that time. However, since then new guidance and opinions were published by EFSA in respect to 
input parameter  (e.g.  DegT50,  KOM,  crop  interception)  and  model  procedures  (wash-off  from  crop 
surface, etc.). Accordingly, an update of input parameters to current state-of-art is needed. 
Potatoes are included in all of the FOCUS scenarios. As the currently approved leaching models are 
not capable of calculating leaching from ridge/furrow systems correctly, the PPR Panel considers the 
inclusion  of  potatoes  not  warranted  without  accounting  for  the  potential  underprediction  of  the 
leaching. In absence of an appropriate model or calculation procedure, applying a safety factor may 
temporarily solve the problem. 
The PPR Panel recognises that the scenario selection procedure is not in line with recommendations 
by EFSA (2012a). This is particularly true for the selection of the scenario location in respect to soil 
vulnerability, which at that time was based on expert judgement only, without spatial analysis of soil 
maps.  Neither  do  the  FOCUS  scenarios  account  for  uncertainties  in  substance  properties  nor  for 
different areal distribution of crops within a scenario area, which may have a significant impact on the 
spatial target percentile. In this respect the consistency of the tiered approach introducing spatial soil 
data at higher tiers as proposed by the FOCUS WG cannot be ensured. 
With  the  exception  of  one  scenario  (Châteaudun),  the  current  FOCUS  groundwater  assessment 
approach does not account for potential preferential flow through the soil. The one scenario for which 
potential preferential flow is calculated is merely there for making risk assessors and risk managers 
aware of the issue and to account for it in assessments at the national level. However, there is ample 
evidence that preferential flow may be an important aspect of downward movement through the soil. 
The PPR Panel is aware that the original intention of the FOCUS WG (FOCUS, 2000), i.e. to cover 
approx. 80 % of the arable area in the EU (at that time the EU-15) with the nine FOCUS scenarios, is 
not met anymore for the entire EU-27 (approx. 65 % of the arable area in the EU-27 is considered to 
be covered). Taking into account limitations of the scenarios stated above (e.g. areas with preferential 
flow not accounted for) the actually covered arable area by the FOCUS scenarios is likely to be even 
smaller. Nevertheless, the PPR Panel is of the opinion that each FOCUS scenario is still covering a 
significant arable area in the EU and, in this respect, is useful for decision making at the EU level.  
The PPR Panel appreciates the efforts of the FOCUS WG to harmonise the dispersion length, water 
balance and water movement aspects between the models, based on best knowledge available, and that 
the various approaches used by the models are no longer a major source of differences in calculation 
results.  The  PPR  Panel  is  of  the  opinion  that  further  progress  can  be  made  once  better  data  on 
irrigation (in particular in Southern Europe) become available. 
Two of the scenarios, Piacenza and Porto, were revised in order to meet the target percentile leaching 
concentration of the respective climatic zone. In principle, the PPR Panel agrees on the procedure 
proposed by the FOCUS WG to change the vulnerability of these two FOCUS scenarios, as it was the 
best available option at the time. However, methods have recently become available to better derive FOCUS groundwater: Assessment of Lower Tiers  
 
EFSA Journal 2013;11(2):3114  22 
scenarios with a certain target vulnerability; therefore, further revision is needed with respect to target 
vulnerability modeling for Piacenza and Porto FOCUS scenarios.  
The PPR Panel also noted that additional changes were made to the scenarios which were outside of 
the remit of the FOCUS GW. This is in particular true for the soil pH, which was made available 
within the model shells in order to account for pH depending substance properties. 
The PPR Panel considers the spatial analysis performed by the FOCUS WG to check the suitability of 
the FOCUS scenarios for the New Member States as state-of-the-art in respect to the methodology and 
data bases available at that time. However results of this analysis have to be considered as preliminary, 
since only topsoil characteristics were taken  into account. Problems with the maps used (e.g.  the 
OCTOP map) have been recognised and, in the meantime, better tools have become available. Despite 
this,  the  PPR  Panel  is  of  the  opinion  that  the  current  set  of  FOCUS  leaching  scenarios  is  also 
applicable to New Member States at least for the purpose of Tier 1 screening simulations. 
The  PPR  Panel  considers  the  version  control  procedure  for  FOCUS  tools  adequate  in  principle, 
however the voluntary basis on which the testing is based makes the procedure vulnerable. 
RECOMMENDATIONS 
Major recommendations 
  The  PPR  Panel  is  of  the  opinion  that  robust  and  efficient  risk  assessment  processes  are 
facilitated by specific definitions of protection goals. To this end, the PPR Panel recommends 
that the assessment goal in respect of groundwater is clarified, in particular to confirm that 
protecting  the  drinking  water  function  of  the  groundwater  is  the  specific  protection 
goal. Development  of  scientific  methodology  for  risk  assessments  requires  a  detailed 
definition of the assessment goal. 
  The PPR Panel recommends taking into account new EFSA guidance under development on 
selection of adequate pesticide input parameter (DegT50, KOM) and crop interception factors 
for leaching assessments and to allow the leaching models to account for wash-off from plant 
surfaces. 
  The PPR Panel recommends reconsidering the leaching assessment for potatoes, which can be 
selected in all nine FOCUS scenarios. Leaching for crops grown on ridges is likely to be 
significantly underestimated by the FOCUS scenarios. 
  The PPR Panel recommends that the FOCUS scenarios are reassessed after new soil maps 
become available. In case of a reassessment of the FOCUS scenarios it is advisable to follow 
the new guidance available for scenario selection procedures (EFSA, 2012a). This implies 
consideration  of  uncertainties  in  substance  properties  and  implementation  of  crop 
extrapolation factors (to cover different locations of the crop within a scenario). It is also 
recommended to reconsider soil pH to allow adequate leaching assessments for compounds 
showing  pH-depending  properties  (e.g.  adsorption  of  weak  acids).  The  PPR  Panel  also 
recommends  reconsidering  the  impact  of  preferential  flow  on  the  groundwater  leaching 
assessment, taking into account new knowledge available to account for such processes based 
on basic soil properties. However the quality and the accurateness of pan EU soil maps (e.g. 
soil organic matter, pH and texture) have to be checked. 
  An in-depth review of irrigation efficiencies and practices, in particular in Southern Europe, is 
recommended as currently 100 % efficiency is assumed. Efficiency may be dependent on both 
crop  and  irrigation  system,  with  efficiency  going  down  to  less  than  50%  under  certain 
conditions. FOCUS groundwater: Assessment of Lower Tiers  
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  In the case of pH-dependent substance properties the PPR Panel recommends not to perform 
one calculation at the scenario pH (as recommended by the FOCUS WG) but to perform 
calculations for two contrasting pH values, e.g. pH 5.0 and 7.5, to demonstrate whether at 
least one gives results below the threshold level; results from both runs should be reported. 
Soil pH was not accounted for in the scenario selection procedure and therefore no conclusion 
on the representativeness of the given scenario pH for the soils of the Scenario can be drawn. 
Further  assessment  of  the  leaching  then  always  has  to  be  done  at  the  national  level, 
irrespective of the results of the Tier 1 calculation. 
  The PPR Panel, observes that the version control is vulnerable as it is based on voluntary 
reviewing and checking changes in models and data by modelers and experts users of the 
models. It is recommended that the Commission, Member States and EFSA take action to 
implement a stricter procedure of the version control to ensure the availability of robust and 
trustworthy scenarios and software tools also in the future. 
  The  FOCUS  WG  states  that  PECgw  calculations  may  now  be  based  on  one  model  only 
instead of two as previously requested by EFSA (2004). The PPR Panel recommends that the 
PECgw calculations for decision making should be based on more than one model. 
Minor recommendations 
  The PPR Panel proposes reconsidering the Sevilla scenario for further harmonisation of the 
water balance. 
  A few problems with the meteorological data of Kremsmünster have been observed. The PPR 
Panel recommends that these problems are studied in more detail and that data are corrected 
when appropriate. 
  The PRZM package uses the new Q10 value for parent substances, but the old superseded 
value for metabolites. The PPR Panel recommends immediate changing of this value for the 
metabolites. 
   FOCUS groundwater: Assessment of Lower Tiers  
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APPENDIX:  
RELEVANT CLAUSES IN EU REGULATIONS AND DIRECTIVES 
This  Appendix  gives  citations  of  relevant  clauses  in  EU  Directives  and  Regulations  regarding 
legislation on plant protection products in groundwater. 
Relevant clauses in Regulation 1107/2009
10 (EU 2009): 
Art 4, 2 (b) “they shall not have any unacceptable effect on the environment.” 
Art 4, 3 (b) “it shall have no immediate or delayed harmful effect on human health, including that of 
vulnerable groups, or animal health, directly or through drinking water (taking into account 
substances resulting from water treatment), food, feed or air, or consequences in the workplace 
or through other indirect effects, taking into account known cumulative and synergistic effects 
where the scientific methods accepted by the Authority to assess such effects are available; or 
on groundwater” 
Art 4, 3 (e) “it shall have no unacceptable effects on the environment, having particular regard to the 
following considerations where the scientific methods accepted by the Authority to assess 
such effects are available:  
(i)  its  fate  and  distribution  in  the  environment,  particularly  contamination  of 
surface waters, including estuarine and coastal waters, groundwater, air and 
soil taking into account locations distant from its use following long-range 
environmental transportation; 
ANNEX II  
Section 3.10. Fate and behaviour concerning groundwater  
An  active  substance  shall  only  be  approved  where  it  has  been  established  for  one  or  more 
representative  uses,  that  consequently  after  application  of  the  plant  protection  product 
consistent with realistic conditions on use, the predicted concentration of the active substance 
or  of  metabolites,  degradation  or  reaction  products  in  groundwater  complies  with  the 
respective criteria of the uniform principles for evaluation and authorisation of plant protection 
products referred to in Article 29(6). 
Relevant clauses in the Regulation 546/2011
11 (EU 2011): 
2.5.1.2. No authorisation shall be granted if the concentration of the active substance or of relevant 
metabolites, degradation or reaction products in groundwater, may be expected to exceed, as a result 
of use of the plant protection product under the proposed conditions of use, the lower of the following 
limit values: 
(i) the maximum permissible concentration laid down by  Directive 2006/118/EC
12  of the 
European Parliament and of the Council; or 
(ii) the maximum concentration laid down when approving the active substance in accordance 
with  Regulation  (EC)  No  1107/2009,  on  the  basis  of  appropriate  data,  in  particular 
                                                       
10   REGULATION (EC) No 1107/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 21 October 
2009 concerning the placing of plant protection products on the market and repealing Council Directives 79/117/EEC and 
91/414/EEC 
11   COMMISSION REGULATION (EU) No 546/2011 of 10 June 2011 implementing Regulation (EC) No 1107/2009 of the 
European Parliament and of the Council as regards uniform principles for evaluation and authorisation of plant protection 
products 
12   DIRECTIVE 2006/118/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 12 December 2006 on the 
protection of groundwater against pollution and deterioration FOCUS groundwater: Assessment of Lower Tiers  
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toxicological data, or, where that concentration has not been laid down, the concentration 
corresponding to one tenth of the ADI laid down when the active substance was approved in 
accordance with Regulation (EC) No 1107/2009, unless it is scientifically demonstrated that 
under relevant field conditions the lower concentration is not exceeded. FOCUS groundwater: Assessment of Lower Tiers  
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GLOSSARY AND ABBREVIATIONS 
 
CORINE  Coordination of information on the environment of the European Union (in this 
Opinion specifically regarding the land cover map) 
Crop kc 
Factors 
The crop kc factor times the reference evapotranspiration for a specific day 
determines the potential evapotranspiration for a specific crop. The actual 
evapotranspiration for the day may be less, for example due to soil moisture 
constraints (FOCUS, 2009) 
EC   European Community  
EEC   European Economic Community  
EFSA   European Food Safety Authority  
emission   technical term signifying the transfer of a substance over a boundary  
ERA   Environmental Risk Assessment  
EU   European Union  
FAO  Food and Agriculture Organisation of the United Nations 
FOCUS   FOrum for the Co-ordination of pesticide fate models and their USe  
GIS  Geographical Information System 
GW  groundwater 
MACRO  leaching model, specifically developed for addressing macroporous water flow in 
soils 
MS  member state of the European community 
OCTOP  map of organic carbon of top soils 
PEARL  Pesticide Emission At Regional and Local Scale. Model for calculating fate and 
behaviour of substances in soil 
PEC   Predicted Environmental Concentration  
PELMO  PEsticide Leaching MOdel. Model for calculating fate and behaviour of 
substances in the soil 
PPP   plant protection product  
PPR   Panel on Plant Protection Products and their Residues  
PRZM  Pesticide Root Zone Model. Model for calculating fate and behaviour of 
substances in the unsaturated zone of the soil 
Run-off  In pesticide risk assessment, run-off refers to the flow of water, and dissolved 
substances, on top of the soil  
Wash-off  depletion of (intercepted) substances from the leaves by rainwater or overhead 
irrigation water 
WG  Working Group 
 